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B!O\’H-‘DK’A' RADIATION DETECTING PROBE

James T, Webb, “\dﬂ!lﬂh{’,’liol' of the National Agro-
nautics and Space Administration with respect to an ine
vention of Fred P. Bums and Joscf E. Fru.-denchs, Pa-

cific Patisades, Calif.:
- Filed Dec. 23, 1965, Scr. No, 516,150 .

Yy .S. Cl. 25083 .
Ent. C1. GOt 1/02 ’

Claimy

. — (S
ABSTRACT OF THE 'DISCLOSURE .
A bmmednc:d nuclear r‘tdmuon detecting probe for use
in vivo comprising a semi-conductor diode of-1h2 junction

type fabricated*from high n.s:slmty silicon crystal. The
P- -type conductivity crystal is bulicl-snaped, and the junc-

tion is formed by diffusion of phosphorous over the nose

end of the crystal. A silver casing is sleeved over the
crystal with only the diffused nose of the crysial pro-

trudiag therefrom. A miniature coaxial cable exiends 2

1hrough the back of the casing in hermetic sealing rela-
tion therewith. Tha ground lead connects with the casing
which is coupled to the N-type phpsphorous. The bore ¢!

the casing adjacent the electrical connection to the P-type |

region of the-crystzl is filled with a non-oxidizing gas. For
operation,. a reverse voltage bias is apphed 10 the P-N

‘junction whereby penetrating radiatian gives rise 10 volt-

age pulses v ‘hich are condugiible by the eable 1o appro-
priate recordmg apparatus. .

The invention descnbcd ‘herein was made in the per-
formance of work under a NASA: centract and. is subject
to the provisions of Section 30% of the Nat ional Aero-
pautics and Space Act of 1958, Public Law 35-568 (72
Siat. 435, 42 US.C. 2457).

This invention reclates to a medical detecting probe and

. more particularly to a semiconductor- nuciear -radiation

dmec!or and to methods of fabricating the same.
In the fields of medical and tiological research there is
need for a radiation dosimeter which can be used in vivo,
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As afi example, in determining radiation daraage to body -

tissyes, a
terpal dosimeters dogs not “accurately indicate dose level

within the radiated cells because the greater radiation dam-

age is caused by photoslectrons and knock-ofi profons.

"Consequently, in detérmining radiation damaze dosim-

etérs are needed which fan be used in vivo to provide
realistic rcadings of the spetinl and energy distributions
of radiant electrons and proions. Such desimeters are also
needed 1o obtaifi mepsurements of the nature #nd concen-
tration of radioagtive tracers in the body when such meth-
ods are used for diagnosis ‘or reatment.

There dre a variety of radiztion dosimeters in current:

use w%uch operate in accordance with such well kaown
principles as radiother moluminescence, ionization of gases;

phomg{aphsc emulsion mchmques and others; These, ows -

ever, afe pr:manl} adapted for use externally of the
body and are unvausf.acmry for use in vivo. Ahhough

‘chémical dosimeters have been proposed for use in vivo,
- these are able to measare the amount of encrgy absorbed,

but do not indicate the rate of absorpiion or the number
of- parudes absorbed, and are therefore only partiaily
sausfactory. While semlconductor type- ‘detéctors have

been considered for use in’ vivo. many prﬂu%ems ‘have,

precluded their development. Some of the difficuit prob-
lerirs are the devising. of a shape and -structure which
wauki make the detecior snilzble for insertion into the
body, and parkaging of the d-vice in 2 mantier suitable

" to proicet the semicoaductor jupctien from attack by
‘body hqulds O;har problems ’elate o thc mducuon of

meas urcmv.m of tke incident radxatwn by ex-
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leakage curfents in order to maintain a reasenable sxgnal-
toinoise ratio in-the recording apparatus and the fabri-
cation of the device in aneconomical and efficient manner.
The detector of this invention w hich has been devised
16 overcome these probicms is in the form of a slim medi-
cal probc which is adapted for casy inscrtion into the
body tissue. The detecting eiement of the probe is 2
semiconductor diode of the juriction type which.is fabri-
cated from a high resistivity silicon crystal doped with -
P-type impuritics. The crystal is shapcd in the form of a’
bullct, and the P-N type junction in the crystal is formed
by the diffusion of phosphorous over the nose and surface
of the ervstal. The crysxal is supported by a silver casing
which is sleeved over the crystal with the nose of the
crysial protruding zhcrcﬁom and’ connects with the N-
type phosphorous and the greund lead for the detector.
The lead to the P-type silicon is disposed within the
casing itself, and the 1wo leads are formed into a minia-
e cmxnl cable which extends through the back of the
cylindrical casing in hermetic sealing rcLhonshm there-
with, The additional hermetic seal which is pm\:dcd be-
tween the crystal and silver casing and the provision of a
cable insulation which is impervious to body fluids protect
the junction from auack by body liguids. For operation of -

- the. probe, reverse bias is applied to the P-N junction, and

radiation penetraiing the junction pives risc to vohage
pulses which are éonducted 10 recording apparatus via
the coaxial cable.- -

In an alternate embodimen: suitable for a pmbe with-
iess than 1 mm. diameter, he silicon crystal is provided
wiih a flat deteciing surface, and a twin conductor cable
is used. The lead from the P-type silicon is a gold wire
attached by thermocompression bonding., The noise level
with this embodiment is normaﬂy hlgher than that of the

- rounded. nose detector, bul its smaller size Jends it wtility

in special sitoations.

In fabrmnmg {he probe a salxcon crystal doped with
P-type impurities is shaped into bullet form for the bullet-
shaped probe, ©r in the foim of an elongate cylinder in
an aliernate’ embodiment of the probé, and a layer of
phosphomns doping material is deeply diffused over the '
pose and sides of the crystal. The thick diffused layer is
then removed from the crystal nosé and a second phos- - )
phorous diffusion is applied to the nosg to provide a thin
window, as is necessary for dtlechan of the haavner i
charged nuclear particles.

A layer of nickel is then plated over the deep phos-. -

.phorous diflused lzyer on the sides of the crystal to pro-’

vide attachment means for subsequcndy soldering the
unit to the silver casing,

To connett an electrical lead to the detector, a small
diameter bore is cut in an axial direction into the silicon
builet from the back surface theieof for recxvmg a tubular .
aluminum sipg. A nickel wire insérted in the slug pro--
vides a Jead from the detector. Alnminum is then alloyed
into the Pack poriion of the silicon bullet io form a P
contact and the back of “be bilfet is éiched to produce:
2 jupction with low Ieakage characteristics. Alternatively,
the lead 10 the Pitype silicon might be attiched by first

 evaperating alurpinum to the back surface of the silicon

to- provide an vhmic contact and then attaching = gnlﬁ
wire thereto by (hcrmocompressxon bondmg.
Other objects and many of the attendent advangtaves

‘Of this invention will bé readily appréciated as the sami
. become better understood by rcfcrence to the ioliowmg
détailed description when considered in corinection with -

the accotnpanying drawings in which like reference numer-
als designate llke parts thmughcm the figures iher:of aaé-
wherein:
FIG. 1isa sacbopal view of 2. p:cfcrwd embodzment of
the medical probe of this invention; ]
FIGS. 2A 1hrough 2H are schemauc crowvsacnonaf .
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views showing the varions sleps nsed in Tabrication of the
silicon crystal as, the nuclear radiation dciccxmg clcmcnl
in the probc of FIG. 1; and

FIG. 3 is a sectional vicw of an ahcma‘c cmbod:mml
of the edizal probe of this invention.

Referrirg mote particularly to the drawings, there is
_sho\s‘n in FIG. 1 a medical prebe 10 which is a preferred
cmbodiment of this ipvention. The probé 10. compriscs

. a semicondudétor diede »hich is Taoricated from g siticon’

cr)sial 11. The silicon crystal has a resistiv ity w;mahy

in the range of 3.500 to 3,000 obm ¢m: and is duped

with a P-type impurity such as paflium, or indiom. The
crystal is shaped into a bollet form and a P-N junction
is formed by an even diffusion of phmpcrous 12 over the
nose and the cyliadrical surface of the ervstal whercby,

the depletion region associated mth the junction extends-

a uniformr distance m\mrdly from the crystal surface over
which. the phosphorous is diffused. The crystal is sup-

‘ported by a cylindrical casing 18 which is sleéved part
way over- the crystal with the nose of the crystal pro-

trudirg therefrom. An attachmient means for a soldering
conpection between the casmg and the crystal is provided
by a nickel plating 16 which is laid over the phosphorous
comng at the lower ¢nd of the silicon. The scidered con-
nection results in a hermetic seal between the casing and’
-the silicon which serves 10 protect ‘the Jum:uon against
attack by body acids and liquids. The casing is made of
coin silver because of its machmabﬂuy, ease of plating and
soldering, and its demonstratcd résistance to atlack by
body acids and body liquid. -

To prnwdc a Jead from the P—i ype region of r!:cdctcctor,
the crystal is prowdcd with. an axial bors 20 which ex-
tends axially into the silicon pellet from the bottom end
thereof and receives an aluminum slug 21, The shug
itself is tubular in form mth an axial bore 23 into which
a 16 mil diameter nickel wire 25 is inserted to provrdc
a lead. The ground lead is provided by the silver casing
which electrically connects with the N-type phow-)horous

-&nd the braided shield 27 of a rzoaxial cable 28 which is
inserted through the rear opening of 1he silver casing with
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its cemral wire 29 connected to the nickel lead 25, and -

25, its braided shield soldered to the internsl wall of

the silver casing. The cable conducts voltage -sigiials from

the semiconductor detector 1o ‘suitable amphf)mg and
recording apparatus (not shown). Tke casmg end is
crimped inwardly to clamp the cable and improve the
seal between the cable and casmg An insvlating sleeve
31 is also placed over 1be junction of the cable conducs
tor 29 ard the nickel wire 25 to prevcnt possible. gmund-
ing against the inner wall of the casing.

}n operation of the device, a reverse bias is: apphed !o_

the P-N junction which establishes an electric field across
thej ]uncmm and controls the depth of the depletion- rcg:on.
The positive space charge due fo ionized donors in the
phosphorus doped. N-type regmn near the junchcn and

the neeam‘e space charge die to mmzcd acceptors iri the

Pitype region near the junction provide a distribuied
d)pole Jayer which resemble: the charged parallel-plate

capacitor of the gas jonizatipn chamber. A nuclear radia- -
tion pamdc such as an alpha sarticle, passing thmugh i

‘this space ¢harge region produces cit:gtwn—hole pairs by
its inelastic ‘collisions with the <ilicon atoms whereby
these carriers which are swept apart by the electric feld
set up by the dipole laycr give rise to-am electrical pulse
similar to that obtained in a gas jonization chambcr.
'Iherc are notable dxﬁ‘erences; however, in the’ operatxon
”of a semxconductar detector and that of a gas ionization
chamber, On the average, only 3.5 electron volts of inci-
dent pamclc energy are required 1o produce one electron
"hole pair in silicon, as mmpared to 32 elecfron volis for
3 typical gas. Furthgrmore, the high carrier mobilities and
drift velocities in silicon, combmea with . the relative
sniall width of the depletion region, result in pulses with
‘millimicroséond rise times as compared to 2 microsecond
_fange for gas chambers, For these reaspns, energy resolu-

.
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-will losc ol of its encrgy within 'he

-of the depletion layer in -icrons s

4 .
tions of the solid state detector show signal improvement
over that which can be obtained with the gas ionization
chamber. Ahc, the physical size of the silicon detector
ey be several prdcrs of magnitude smaljer than a gas-
ionization chamber singe the range of energy pa.udcs
in silicon is measurable in microns ar compared 1o centi-
meters in a gas ionization chamber,

1 is to be. noted, however, that {or 2 inear relationship
1o exist hetween the pulse heizh? znd rartiicle encrgy | it
is necessary that the width of «%¢ depiction region in
the semicanducior detector be orw ér than the range
of the particle in the silicon soth.t "1 incident prrticle:
dcp‘caon region,
For the P-N juaction under conssx... ~ioh, the ihickness.
been Jetermined
to be’ probortional to the product 2v312 where Pois
the resistivity of the P region in olivrcenlimeters, and -
V is the applied teverse bias vokage. From the above
approsimation it is apparent that the product should
be made as large as posible wheh the detecict is 1o be
used 2t a spectiometer for pzm:‘r.mn paud ‘ks such a2t
protons and ciectrons:

. Tie fabricgtion of a silicon: crysh! info a scm:wnouctor
diode \xhx.h is usable with the medical probc of :bis in-
vention is hercinafter described. A silicon crystal is select-
ed for processing which has a rcsmtmty in the ranpe of
3,500 to 5,000 ohin cm. The crystal is doped with D-type
impurities and the doped crystal is then sliced with a hxg—h' i
speed diamond impregnated saw to form wafers approxis
mately 34 inch thick. The wafers are then diced, prefer-
ably by an uurasomc impact grinder, to provide a number
of cylindrical units-of circular cross-section, each of which
may then be shaped and ptocessed to produce a suitable
junction diode. The shaping of one of the cylindrical units
of silicon i§ accomplished by placing the uait on a rotating.
fixture. and rounding to builet shape by applying emory
cloth to onc end of the vvlinder as it is rolated about its
fongitudinal axis, The various steps in the {abrication of a2
bullet-shaped unit into a finished diode are zllLstrated in’

FIGURES 2A to 2F.

As shown in FIG. 2A, the buIlct~shapcd silicon 11 i5
deeply diffused with a layer of pboephomus doping mate-
risd 12 by a diffusion process which is carried out for 2
period of sixteen hours at a temperature of 1,200° C.
uniil the depth of diffusion is approximately 50 micro'ns.
Since a thick diffused layer is not desirable cn the nose
of the unit which-is 1o be exposed 1o the radiztion, the
thick diffused layer is removed from, the nose by etching,
while a wax mask 38 is apﬂaed to Lbe sides and rear of
the unit, as shown in FIG. 2B. A second phosphorous dif-
fusion is then carried out at a temperature of 1,050° C.
until 2 diffused layer 12a of approximately one micron
thickness is prodiced on the nose of the sxheon, as shown
in FIG. 2&, 10 provide 2 thin window which is necessary.
for the detection of the heavier-charged nuclear particles
such as alpha particles. The deep diffused layér provides
the base for a soldering process hereinafter described.

Fellowing the rediffusion, the bettom end of the unit is -
lapped off to remove the deep diffusion layer, and the unit
is then mounted in a chuck and a small diamcter bore
is cut by an ultrasonic cutter in an axial direction into the
siliton bullet from the back surface thereof, as shown in-
FIG. 2D. The thin window and 1He back of the detector

are théen masked, as shown in FIG. 2E, apd the nickel

p!atmg 16 is deposited over the deep phosphorous diffused

iayer 15 provide attachmeént means for subsequently solder-

ing the unit to thé silver case. A tubular aluminum slug .
21 is then placed into the diced Bore in the silicon bullet

and a 16 mil diameter nickel wite 25 is Insenied into the

boré of the alumihum -slug to pmﬂde 2 kad from lhe-

detector, a5 shcrwanIG 2F -

The buﬂet is then set into a special ﬁxmre and subjcct-
ed {0 heating w‘iereby sintéring of the nicke] and a’loymg'
of the slumintim back contact are carried out at the same
time. Prefersbly, during this process s‘ep the nickel wire
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is: wmghtcd dew.n to mmre adequate alloying durmg !,ht.
bca&mg c;dc Whien the temperature reaches 800° €., afn—
minum is a;he)c:d inté the back portion of the silicon
bullét-and nickel is sintered into the sides of the unit. The
a}ummum ajloy forms 2 P4 contact and -the sinicr pro-
vides for greater adherence of the nickel to the silicon.
After the alloymr and sintering, the sose and back of
the bullet are again wax masked, as <hown in FIG. 2G,
and a second pla:c of electroless mickel is apphcd to the

sides of the probe, The nickel plated zi=a is.thien dipped

into molten tin ds a pre-tinning operation. To- conipicte
‘the “semiconductor portion of thie probe, the back end of
the bullet is etched and protected with ¢poxy 41 to pro-
duce 2 Jancuon v.xlb ingh vohagc and low ]cakagc char-
acteristics, -

Before mscrtmg mc sxhcon bullet into the sﬂvcr case
the entire bulictis dxppcd into molten fin pmhmmary 0.

soldéring the bullet 1o the case. Since the tin does rot wet

the nose of the bullet, snlt}crmﬂ occurs only along the' pre-
tinned side regions, and a hermeuca!!y sealed joint is

formed between the casg and the silicon bullet, The suk- .

asscmbly, consisfing of the bullet and the top of the case,
is then leak tested by inserting the case into.a Tygon tube
having an inner diameter corresponding to the outer dlam-
cter of the bui!ct and through whizh nitrogen under 25

pounds of pressure is introduced. Any leskage may then’
be readily observed by submerging the unit info a bath of.

mcthanol. if the vnit is tight, the junction is coated with
Dow Cerning Szlgard and curcd at 125° C. fur sixteen
hours,

The diode is then tested for light sensitivity and the-

currént-voltage characteristic is observed on a curve-tracer.
.For a-suitable probe, the reverse characteristic must show
16w Jeakage and high vollage breakdown. The forward
characteristic is also examined since the properties of the
contacts to the silicon muy be determingd {rgm its shape.

To complete assembly of the probe, the coaxial cable
is inserted into the back section 150 of the case, with its

. braided shield soldcred to the case and the msn!ated cen- .

4al wire Jeft in an cxposed condition for sub'.-ﬂwm at-
tachment to the pickel wire prolrucimg from tane. back of
the silicon bullet, The back part of the case is then filled
with Cpoxy 43 and cured at room !emperature for'twelve
hours to insure a rugged connection (o the central wire
of the cable and 1o preveat moisture froi entering the casc
through the cable. -

The subassembly campnsmg the back penmn of the
case is then Jeak tested in a manner similar to the testing
described for the upper portion of the case, after which
the unit is ready for final assembly. The ends of the cen-
tral wire.of the cable and the nickel wire from the silicon
bullet aré pre-tiped aad joined, using the Teflon tube 31
as insulation from the sides of the casing. The two sub-
assemblies are then Jomed together by scldcnng the upper
pottion 15a of the casing to the section’ 15b, to complete
asseémibly of the unit, With the silicon nose protected. by
mieans of silastic mbbc.., the case walls are pre-coated
with .15 6,20 mit of <oppsr and fashed with-a thin film
of gold. The completed asseinbly is then Jeak tested by
dipping into boiling xylene, Examination of the current
- Voltage characteristics of the unit before and after ihe
‘boiling process ‘reveals the tightness of the unit,

A madxﬁcd form of the probe-of tliis invéntion is shown

in F1G. 3. In this probe 58 the silicon pelict 51 of Paype’

mducuwty material is only I mm. in diamditer. The

6’ .

materiai via mckel Plating 66 appbed on thc $ides of -the:

-pellet. The second: conductor 67 .of the cable cosinects
‘with' a gold wire lead 68 which is memo-oompressxon

" bended to the base of the P-type silicon. The gold wire

Jead cxlmds thmugh zn annalar ceramic disc 70 mounted
in the Up prer section 50z of the tase 80, The case between
the ceramic disc and ‘its cable end is filled with epoxy 74,
#nd with nitrogen bétween the disc and rellet to 8\’Gld
oxidation efects. For the same reason the casiog of thie.
probe 10 may also be nitfogen filled, or §cd with ihert
gas. It is also to. be noted that although the probe 50 is
shown wih a’ planar type dctccnng region .53, it could -
zlse be made a rounded rcg;cm, and preferably so for
omniditectipnal detection.

. The fabtication of the probe 50 s substa.mxaﬂy similar
to that for the probe 19, The atiachment of the lead to
the P-type silicon, bowever, is accomplished by first evap-
orating aluminum to the back surface of the silicon to. -
provide an ohmic contact, and then attaching a gold wire .
thereto by mermo-mmpr'essxon bondmg The junction
region of the gold wire and the pellet is then etchcd and

’ protccted with epoxy.

30 .
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It is-to be noted that in using the probe 10 a nuclcar
radiation particle will see a depletion region whose depth
will depend vpon the particle’s angle of incidence as wel
as the .applied bias. Particular care ssheold therefore be
taken so that high epergy parlicles will not penetrate the
depletion region with a consequent marked reduction in’
resolution:

It is zlso to be nc&cd that the probe éescnbcd herein
is designed to. be an miegral part of a goaxial cable so.
thet input cepacnance to the rpqu:rcd sxgnal amphﬁcr

,wall be held-to a minimum, which in turn hinifnizes the

noise resuhling from the cenﬁg_uranon. _
Also, because of its shape the probe may be easily in-

.serted ipto-bodies without danger of breaking or chipping,

and .its sepsitivity to vadiation at varions anglesof inci-
dence interms of signal out angd resolution is thore unis
form' than is characteristic of a planar detector,

It will therefore be seen that a true internal Gosimeter
is described hercin which will prov:de a realistic reading
‘of beta, proion, and other nuclear particle energy, and
‘a spattal distrivution that is also realistis. The device is
uséful in evaluatmg blood flow “problems by insertion into
veins znd arieries, and is also adaptable 16 being buried-
arsund an organ of the body, such as the brain, 1o meas-

~are the” spaual and time pickup of radicactive tracers.
Furthermate, in the method of fabrication of the device,

- the fechmque used for encapsujating the crystal with ooy

50

its sensitive -detecting area exposed provides for hermetic
sealing which prevents degradation of the probe. by hostile

" envirpnments,

83

" noise level associated with this pmbe is nermaiy higher °

~than is. charactensuc of the ronndcd BosE dem.tor, it
its smaller size lends it utility in special situatiens, as for
example where a thin probe is necessary for insertioh
into small veins and arteries. The -probe 56.s nmuded

70.

“with a thick phesphcmus diffusion layer 52 at the sides, .

* and a thin layer 53 on thé point-of the probe. The gmtmd

. lead 66 of the mijniature cable $1 is grounded.to the inner
wall of the silver case 65 which supports the semicon-
ductor penct and clmcady capfects with the N-type

5

It should also be understood that the foregoing dis-
closure relates on!y 1o preferred embodiments. of the in-
véntion and that it is intended to. cover all changes and

‘modifications of the-examples ih the invention herein.

chosen for the pu~poses of thg disclosure and which do
npt constitute departure from the Spirit-and scmpe wf ﬂu:
‘inyention.
What is claimed and desired to be. sccumd by Lcmxi
Patent is: :
1. A medigal’ prebe for dctectmg nnclcar mﬁxanon ia
vivo, said probe. comprising:
a semi-conductor dwde of the junction type, said dzodz
- being formed from a silidon crystal -6f Putype com-
* ductivity having a scbstantially elongate cyhndncal
shape with a rounded gnd portion, said.crystal fp-
- ~¢huding a1 N-fype conducuvx:y layer fofmed by the
diffusion of a donor impurity mmenal over the cylm-
‘drical surface and the ronunded end of the silictn
prystal to pmvzdc a P-N junctipn within said rystal, ,
said. diffusion being thialy spread’ over said rounded
end of the crysial so as 1o provide 2 ‘window for
detection of the heavier nuclear partitles;
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an ezonga!c tubular casing of c)ccmcaﬂy conductive 2. A méé}tcat nuclear rndiation #tecting probe as de--
corrosion-resistant ‘material, said semi-conductof di-_ scnbcd i claim 1, wheicin said miniature cable fs gove
ode being mounted 2nd supported in the ‘bore, of tbc " ered with-a layer of insujating material which is chemi-
tubular casing with' only said thmiy‘&prcad dxﬁusaon ca%!y resistant to attack by bady acids and liquids.

laver at smd onc end of the ¢rysial proruding from 5 - 3. A medical nuclear radiation detceting probe as de:
the casing; seribed in-claim 1, wherein the Netype conduetivity region
connecting mmweans providing an electrical connection of the crystal is formed by the diffusion of phospkorous. .
and a hermelic seal between the casing and the N=- .
type layer of the erystal;.- ] Refercnces Cited
an’ electrical cable’ cxtcgdmgbmto the bor»:d of said 4q UNITED STATES PATENTS
tubular casing from the other end. of said casing, Az 1- s . j . nen. 273 -
. with a hermetic seal formed Betwegn the cable and 2,806,145 971957 _C‘my it imatmem 250823
said other end of the casing. spid ‘cable comprising OTHER REFERENCES .
a pair of clectrical conductors with one of said con- - u f Semiconductor D 'u:'cm“ HealthPhys
ductors electrically connecied to the P-type region 15 M 8.0 ; i “R“ ]or c{ r;m] ¢ ggy’[;“
of the silicon crystal, and the other of said canductors orsitoring. ‘:; ones, from Nucleonics, Detobier
in electrical contact with the tubular casing” with | wg_glspsg‘;fc . gfmi 1 Transmxss:on Cousiter Sy@tem for
the bore of said casing being flled with a no-oxidiz Nucles Particle, Detection, by Tlliotr 2t al, from The'

ing gas, whereby said 'probe constitutes an integral B
extension of ‘said cable, and when said cenduciors- 20 f};;*c,;‘; 5"‘ Scientific Instruments, July 1962, ppi 713

are ¢ nccted to a ¥oitage source and reverse vollage .

bias applicd 1o said junclion, said probe Is capable

of gencrating clectric vollape signals upon penetra- ARCHIE R. BORCHELT, Pri rxmary Exauner.
tion of the P-N junction-by nuclear radmutm, which : vs: ¢l XR.

signals are conductible by said cable fo appropriate 25 :

recording apparatus, 451).-.—483».3; 12821





